Introduction: an estimated 55,000 people die from rabies annually. Factors promoting dog vaccination, estimates of vaccination coverage and
Introduction
Rabies is acute viral encephalitis affecting mainly carnivores and insectivorous bats but can affect any mammal. Case fatality rate is nearly always 100% once clinical signs appear. Rabies has a worldwide distribution in continental regions of Africa, Asia and the Americas but a few countries (e.g. Japan, Australia, New Zealand and The British Isles) are free of the disease due to successful eradication programs or their island status and enforcement of rigorous quarantine regulations [1] . In Africa, high rabies risk countries include Zambia, Angola, Namibia, Mozambique and Zimbabwe among others [2] . Globally, more than 15 million people receive rabies post exposure prophylaxis treatment [3] with an estimated that 55,000 people dying from rabies annually [4] . Africa and Asia record the highest human rabies deaths worldwide with an estimated 24,500 annual human deaths [5] .
The first case of rabies in Kenya was diagnosed in 1912 and it was not until 1982 that the annual number of cases diagnosed rose to 200 [6] . The department of Livestock Development in Kenya has listed rabies as a notifiable disease with the zoonotic disease unit and the integrated disease surveillance and response strategy listing it as a priority disease. Determinant factors for dog vaccination, estimates of vaccination coverage and knowledge of rabies in households are useful elements for determining herd immunity and building effective control strategies. These estimates are lacking in most countries recording high dog bite and rabies cases including Kenya. In countries where domestic animals are not vaccinated against rabies, dogs are a source of 99% of human rabies deaths [7] . Adequate dog vaccination campaigns have been successful in causing dog rabies decline in high-density urban and rural areas of Kenya and Tanzania [8] . Despite numerous government and private rabies vaccination campaigns, rabies remains endemic in some parts of Kenya due to inadequate coverage and high dog turnover rates. Dog registration and vaccination against rabies is a legal requirement and compulsory especially for dogs kept in urban areas under the revised rabies act chapter 365 [9] . Therefore, evaluation of vaccination coverage is vital to assessing adequacy of the vaccination programs. Studies on Vaccination coverage, dog ecology and models on dog vaccination done in Machakos District predicted that for rabies control to be effective, 59% of the dog population has to be vaccinated at any one time. For an annual vaccination cycle, at least 70% of the dog population needs to be vaccinated but for a bi-annual cycle, coverage of 60% would be adequate [10] . Therefore, with this herd immunity, the stray dog population ceases to be a major concern. Studies carried out in Eastern and Southern Africa has shown that for effective rabies control, dog ecological/demographic data are vital. These include the dog population density, dog population structure (age and sex) and the population characteristics of dogs which are mainly dog movements, restriction and dependency [10] . Apart from the occasional government vaccination clinics, no major steps have been taken by the government to promote awareness, proper dog handling and appropriate health seeking behavior in the event of dog bites in the community [11] . Lack of baseline data on knowledge, attitudes and practices regarding rabies could possibly be one of the reasons for delayed action.The objective of this study was to determine the rabies vaccination coverage among dogs at the household level, and establish whether the level of knowledge on rabies disease influences dog vaccination practices in Kakamega County of Kenya. municipality as a result of increased stray dog population with dog ownership further in the homesteads being evenly distributed [11] .
Methods

Study design
Sample size a minimum sample size of 384 households calculated using the Cochran formula of 1977 [12] . The sample size required was estimated assuming an expected prevalence of 50% to achieve maximum sample size, a 95% CI and desired accuracy of 5% [12] .
Sampling scheme
A two-stage systematic random sampling method was done to recruit study participants. Housing and population census, the dog population in the County was not estimated.
Data collection method
A household (eating from the same pot) member above 18 years was interviewed using a structured questionnaire. 
Knowledge of rabies:
Study participants who knew of rabies as a disease were 351 (90%) and out of these, 191 (49%) correctly described rabies as a disease while 127 (33%) described rabies as a change in the behavior of dog/animal. were unknowledgeable on rabies were 129 (33%).
Practices on Rabies
For respondents who had ever been bitten by a dog (18%, n=71) or who had a family member ever bitten by dog (30%. n=116), only 125 (67%) went to hospital after the bite incident while 13 (7%) went to traditional healer. Respondents who claimed they would present to hospital immediately after a dog bite incident were 374 (96%) while 11 (3%) said they would present the following day.Out of all reasons given by all respondents as the reasons for dog bite victims not presenting to hospital, 266 (68%) said the cost of dog bite treatment is normally high, 22 (6%) said traditional healers are preferred while 11 (3%) said that the hospital could be far. In the case of a suspected rabid dog, 184 (47%) of the respondents reported that they would immediately kill the animal while 146 (37%) said they would report it to the veterinary officer. For those who reported that they would kill the suspected rabid dog, 175
(95%) said they would afterwards bury the carcass, 10 (5%) said they would throw away the carcass, 3/184 (2%) said they would burn the carcass while only 1 (0.54%) said they would cut the head and send it to the veterinary office.
Overall mean score for Practices on rabies was 6.3 (±1.2) with a range of (0-10).Respondents who had proper practice on the carcass of a suspected rabid dog were 177 (96%), respondents with
proper first aid and medical care practice were 139 (80%), respondents with proper practice to the suspected rabid animal were 327 (88%) and those with proper practice of hospital presentation after dog bite were 387 (99% 
Determinant factors
Some of the factors that were significantly associated with vaccinated dogs in households on bivariate analysis are summarized in Table 2 . On multivariate analysis, Factors that were independently and significantly associatedwith having a vaccinated dog at the household level are summarized in Table 3 . They included having formal employment, knowledge of rabies as a disease including its fatal nature and knowledge of frequency of government sponsored vaccination clinics.
Discussion
The rabies vaccination coverage for this study was below the WHO recommended coverage of 80% required to achieve herd immunity.
There was a statistically significant difference in the mean Households that reported leashing their dogs the whole day or letting them roam freely at some point during the day was consistent with a study done in Ethiopia where 48% were leashed at some point during the day with the roaming dog population different at 33% and different from another study done in Kenya where 69% of dogs from households interviewed were found to be roaming freely [13, 14] . A study done in Thailand by Kongkaew had 74% of owned household dogs roaming freely with 33% roaming freely in a community based study done in Sri Lanka [12, 16] . This roaming dog population has been shown to be the main cause of dog bite incidents leading to spread of rabies. Thirty seven percent of households fed their dog with the leftovers from their house with 21% preparing food specifically for the dog. These findings are different from those of a study done in Machakos, Kenya, where 95% of households fed their dogs on leftovers and only 5% of the households prepared food specifically for the dog [13] , and in Thailand where 56% of households prepared food specifically for the dog [12] and in Ethiopia where 88% of the households fed their dogs on leftovers [14] . Households that prepared food specifically for the dog in this study were two and a half times more likely to have a vaccinated dog. Dog vaccination by these households could be an extension of humane dog treatment through proper dog food preparation and feeding.
Respondents who were aware that the government sponsored at least two annual vaccination clinics were three and a half times more likely to have a vaccinated dog in their household with respondents who reported that the veterinary personnel are always available to vaccinate their dogs anytime being nine times more likely to have a vaccinated dog. Household respondents who thought that the first rabies vaccination should be done when the dog is less than one year old were twice more likely to have a vaccinated dog. The result is different from that of a KAP survey done in Sri Lanka where only 36% responded first rabies vaccination be done when the dog is less than one year [17] . Households that reported their dog had at some point been implicated to have bitten someone were three times more likely to have a vaccinated dog probably due to awareness that post exposure prophylaxis is expensive after being charged for the victim's treatment.
Households that knew of a disease called rabies were three times more likely to have a vaccinated dog due to awareness of its fatal nature if left untreated. this was consistent with studies in Sri Lanka (89%) and New Delhi (84%) on the fatal nature of rabies [17, 18] .
The response on rabies knowledge is also consistent with the study by Sambo in Tanzania where 96% of respondents knew of rabies, the study by Kongkaew in Thailand where 93% of respondents knew of rabies and in Sri Lanka where 95% of respondents knew of rabies as a disease [12, 15, 17] . In this study, the respondents' source of knowledge on rabies was from family, friends, neighbors and colleagues which was consistent with the study done in Tanzania where 70% of respondents reported neighbors, parents and friends as their main source of rabies knowledge [15] . Only 56% and 29% in Pakistan and Sri Lanka respectively reported friends and neighbors as their source [16, 17] with 36% of respondents in Thailand study reporting verbal propaganda as their source of knowledge on rabies [12] . Radio and TV had low response rates in this study compared to17% in Pakistan and 37% in Thailand [12, 16] . This shows that the media (Radio and TV) which is more accessible to a wider population has not been well utilized as a source of dispersing knowledge and awareness of rabies.
Respondents who had a secondary/tertiary education were two times more likely to have a vaccinated dog in the household which isconsistent with a study done in Tanzania [15] and Pakistan [16] where respondents with secondary education were associated with having better knowledge of rabies. This is probably due to
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Having a stable income might be contributing to the ability to pay for vaccination services.In terms of dog acquisition and ownership, the results are different from a study on dog ecology and demography done in Machakos District in Kenya where 56% of the owned dogs were acquired as gifts given by friends or neighbors and only 9% had been bought [13] . In this study, owned dogs that had been adopted from the stray population were 9% which was similar to that of a study done in Thailand where 11% of the owned dogs had been adopted from the strays [12] . Respondents who thought rabies was mainly transmitted through animal bites were two and a half times more likely to have a vaccinated dog. This is probably due to the awareness that if their dog was unvaccinated and ended up biting someone, they would have to pay for the victims treatment. These findings are consistent with study in Ethiopia where 73% reported animal bites as main mode of rabies transmission with the study in Tanzania having 81% of these report [14, 15] .
In terms of prevention, household respondents who thought annual vaccination of dogs, seeking medical attention immediately after dog bite incident, and that the treatment for dog bite was antirabies, were two times more likely to have a vaccinated dog.
Knowledge of rabies prevention could stem from having experienced a dog bite incident either in the household or neighbors. The finding is consistent with one in Tanzania where 67% of respondents reported vaccination of dogs as the major mode of rabies prevention with 88% reporting the same in Sri Lanka. However more respondents (83%) in Tanzania reported they would seek medical attention immediately after dog bite incident [15] . For this study, awareness of the WHO recommended first aid measure of washing the bite wound with soap and water was the lowest compared to respondents from Sri Lanka 8%, respondents from the New Delhi community based study 32% and respondents from Thailand 70% [12, 17, 18] . The high response on these preferred first aid measure recommended by the WHO is possibly due to the fact that the studies were done in regions that had received some awareness campaigns prior to the studies.
Respondents who said that they would report a rabid dog to the veterinary officerswere two times more likely to have a vaccinated dog. This was different from the study in Tanzania where only 7%
would report rabid case to livestock officer. In this study, there was no difference in the description of rabies between the urban and rural populations. This was consistent with the study in Tanzania which also found no difference in the description of rabies between urban and rural populations. 
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Figure 1: location of Kakamega County, the study site, in Kenya 
